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ABSTRACT
Lookis, Kevin G. M.S., Eastern Illinois University. May 1983. Raw
Water Quality in the New Charleston, Illinois Pump Storage Reservoir.

Olarleston, Illinois, a city located in east-central Illinois,
recently implemented a new concept in a raw water system.

rue to

storage capacity-sedimentation problems in the old Lake Charleston
Embarras River raw water supply, the Charleston Pump Storage Reser
voir was constructed.

The new system involved building a dike sep

arating the Lake Charleston impoundment from the Enharras River.
Water to increase the storage capacity of the reservoir can now be
selectively ptunped into the impoundment from the river.
Raw water quality in the reservoir was m:>nitored on a weekly
basis for a full year from August,

1981 to August, 1982.

The lev-

els of total colifonns, fecal colifonns, fee� streptococci, heter
otrophic bacteria, and total phytoplankton were the microbiological
tests perfonned.

The alkalinity, hardness, nitrate, conductance,

turbidity, and suspended solids (non-filterable residue) levels
were also monitored.

The data collected in the present study was

compared to available data from the two years prior to the comple
tion of the Olarleston Pump Storage Reservoir.
It was concluded that the levels of nitrates and turbidity
were reduced significantly and an improvement in the overall raw
water quality was evident.

In addition, the storage capacity has

been increased four fold, and the problem of sedimentation has
been decreased significantly.
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IITTROOOCTION

Charleston, Illinois is a city located in east-central Illinois
with an approximate population of 20,000.

The current water supply

for the residents of the city origimates at the Charleston Pt.mp
Storage Reservoir (CPSR), presently known as Lake Charleston.
CPSR is a

new

The

concept in raw water supply systems in that water is

selectively plDllped into the reservoir from the Pmharras River only
when it is necessary to increase the storage capacity.
The purpose of this study was three fold:

(1) to trace the

history of the raw water source for the city of Charleston from
1880 to 1982;

(2) to IK>nitor changes in the raw water quality of

the new reservoir that occurred during the first year of use; and

(3) to compare these data with data taken before and during
construction.

The study was approached with the following

questions in mind:
1.

What are the environmental and ecological effects of the
CPSR on overall raw water qual ity?

2.

What effect will the CPSR have on the economics of water
treatment?

3.

What effec t will the new water supply have on the

Charleston cormunity?

2

HISTORIC.AL REVIEW OF

Tiffi

ClfARLESTON

WATER

SUPPLY

The Embarras River has been the source of water for-· Charleston

since the late 1880's.

The river is located southeast of the city

(Figure 1), and flows roughly south from Urbana, Illinois into the
Wabash River near Vincennes, Indiana.
The first Jl'lll'licipal waterworks was constructed along the river
in 1880.

Raw water was ptunped directly from the river , treated and

distributed.

In the early 1930's, a dam was built on the river to

inlJound the water and allow a more stable water supply for the rising
population of the city.

The inlJotmdmen t was enlarged in 1947 by the

present Riverview Dam, which further increased the storage capacity
The surface area at this time was 334 acres at an

(Figure 2).

elevation of 580 feet above sea level with a storage capacity of
744 million gallons.

However, sedimentation, a najor problem, began

to have a drastic effect on the storage capacity of the impotmdment.
Since the FJrbarras River flowed through the Lake 01.arleston
impoundment and then continued on its southerly flow, sediment
deposits from the river began to cause a decreased average depth
and storage

c apa c i ty

.

Sedimentation studies conducted in 1960 and

1974 (Yang, 1974) indicated that the impotmdment was filling up
with sediment (and losing storage capacity) at a rate of 2.3 percent
anually.

As

of 1974, the impotmdment had lost 62.1 percent of its

origimal capacity and held approximately 282 million gallons
(Figure 3).

The Division of Water Resources of the Illinois

Department of Transportation conunissioned the Errbarras River Basin
Study (M & E/ Alstot et al., 1975) to detennine the seriousness

3
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Oiarleston, IL and surrounding vicinity. Lake Charleston
(Hanson
(pre-1982) is located southeast of the city
Engineers, Inc., 1977).
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Typical range across Lake Olarleston showing effects of sedimentation (Yang, 1974).
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of sedimentation on the water supply and the remedial steps that
should be taken to alleviate the problem.

This study indicated that

the storage capacity of the impoundment \\IOuld decrease to 0 by the
year 2016.
The Embarras River Basin Study offered a munber of solutions
to the sedimentation-water shortage problem, one of which

included

the constn.iction of a side channel-pump storage reservoir (M & E/
Alstot �al., 1975).

This type of system involved buildin� a dike

on the eastern side of the i.Jr1>oundment lake to fonn a reservoir

west of the dike, which would be filled by pUJl'Ping water from the
The original study proposed the

river into the impoundment.

fonnation of a reservoir at an elevation of 584 feet above sea
level.

At this elevation, however, the peninsula at the west end

of the i.Jr1>oundment (Figure 2) would have had an average depth of
only 2-3 feet.

This area of shallow water could encourage the

growth of aquatic macrophytic vegetation and algae, which \\IOUld
eventually decay, causing taste, odor, and color problems in the
water (Beam et al., 1976).
treatment costs.
Longest

and Neff

These problems would cause increased

The engineering consulting finn of Beam,
submitted

a

side channel-pl.D'l1p storage reservoir

proposal with a final elevation of 588 feet above sea level.
The governing body of Charleston elected to follow this proposal
since the shallow water problem \\IOuld be eliminated.
The constn.iction (Figure 4) of the CPSR began in early June

of 1980 with the constn.iction of the river water intake north of
the Riverview Dam and the ptunp station, adjacent to the intake
on land.

The construction of the dike began after the intake

7
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and p.unp station were completed.

Two "fingers" of gravel, parallel

to each other, were constructed, beginning at each end of the
impoundment (north and south) and were constructed towards each
other tmtil completion.

The area between the "fingers" of gravel

was then filled with clay, rock and soil to fonn a solid dike.
Upon completion of the dike, a new channel in the river was
dredged, adjacent to the iike, to provide increased depth in the
river to accommodate pumping.

After completion of the dike and

channel, the reservoir was filled by ptunping river water into the
impotmdment.

Most of the pumping was accomplished in Decerrbe r of

1981 and the reservoir was filled to capacity be early January of
1982.

The CPSR was fonnally completed and dedicated on July 1, 1982.

The completed CPSR encompasses a surf ace area of 359 acres at 588
feet above sea level and has a storage capacity of approximately

1200 million gallons (Beam et al., 1976).
The overall p.irpose of this study was to determine from the
available data the

kind

of impact this new raw water supply might

have on 01.arleston and the surrotmding comnunity.

The final cost

of the CPSR was approximately 3.7 million dollars.

justified?

Will

the

new

system

improve the quality
fall?

Was this cost

of

the

raw water?

Will it cause treatment costs to rise

or

Does the new system

reduce the problem of sedimentation?

Since the CPSR is considered

to be a stable, long-tenn water supply, will industries consider
more seriously the Charleston area as a site for expansion?

Will

this new system increase the possibility of expanding recreational
activities (swirrming, boating, fishing)?

Most important, will the

fact that the CPSR has a relatively small

amotmt

of water flowing

9

into it on a regular basis increase eutrophication and all of the
problems that go with it (algal blooms, increased shoreline vegetation,
increased treatment costs)?
author will attempt to

These are the pr.imary questions the
er in this study.

answ
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MATERIALS AND ME'IliODS

The water samples to be examined were collected on a weekly
basis each �nday from August 31, 1981 to August 23, 1982.

The

sanple site was the raw water intake, located in the lower level
of the intake building at the Charleston Water

Treatnent Plant.

Samples were collected no less than one-half hour after the raw
water intake plUllps were operational and before ptunps were shut
down to prevent residual chlorine from entering the sample site.
The sanples were transported irrmediately to the Water Q.lality
Laboratory at Eastern Illinois University and refrigerated at
2-4 C for no more than 3 hours before examination of the samples.
The bacteriological samples were collected in sterile,
250-milliliter screw-cap sample jars containing 3 drops of 10%
sodium thiosulfate.

PhytGplankton SSJtt>les were collected in

6

one-liter polyethylene bottles and preserved on site with

milliliters of Acid Lugol's solution (1 part iodine, 2 parts
potassium iodide. 2 parts glacial acetic acid and 20 parts
distilled water),

(Prescott, 1970).

unpreserved S8Jll>le was collected in

AA additional one-liter,
a

polyethylene bottle for

determinations of conductance, alkalinity, hardness, turbidity,

and suspended solids (non-filterable residue).

The temperature

of the raw water was taken on site, imnediately after the
smrq:>le was collected.
The microbiological examination of the samples consisted of
4 bacteriological tests and

one

phycological test.

The

bacteriological tests perfonred were for total colifonns

(TC),

11

fecal colifonns (FC) and fecal streptococci (FS) by rrembrane
filtration and the Standard Heterotrophic Plate Count (SPC) by
F.ach of these tests were

the serial dilution-pour plate method.

performed in accordance with criteria outlined in Standard Methods
for the Examination of Water and Wastewater, 14th Ed. (American
Public Health Association, 1975).

Confinnation studies on TC, FC,

and FS were perfonnecl �nthly using procedures outlined in the
Illinois Department of Public Health Text of Adopted Rules for
Certification and Operation of Environmental Laboratories.
addition, the monthly levels of

TC from

In

August, 1979 to August,

1981 were made available by the 018.rleston Water Department for
comparison purposes.

'Ibe phytoplankton samples were analyzed by

means of the membrane filter technique (McNabb, 1960) •

'Ibe

enumeration of the phytoplankton was accomplished utilizing the
strip count method, in which cells alive at the tirre of
preservation were counted until either 300 organisms or 30 strips
were examined, whichever

came

first.

The phytoplankton were

categorized into four subgroups: (1) diatoms (Bacillariophycophyta);
(2) green algae (Chlorophycophyta); (3) blue-green algae

(Cyanophycophyta); and (4) other algae, including euglenoids
(Euglenophycophyta).
Five physical-chemical tests were conducted on a weekly
basis.

'Ibese tests were alkalinity (by titration), conductance

(by direct measurement using a Markson M:xiel 10 Conductivity
Meter), hardness (by the

EUI'A

Titrimetric Method), Turbidity

(by the Nephelometric Method using an HF Instn.unents Model
DRT 1 Nephelometer), and suspended solids (non-filterable

12

residue dried at 103-105 C).

All of the above physical-chemical

tests were conducted in accordance with criteria outlined in
Standard Methods for the Examination of Water and Wastewater
(14th edition, 1975).

The weekly average nitrate levels from August, 1979 to
August, 1982 of the CPSR and the previous Lake Charleston
irrpoundment were also included in this study.

These data were

made available by the Cllarleston Water Department.

In addition

to the nitrate levels, data for the 2 years previous to the
COl!l>letion of the CPSR (August. 1979 to August, 1981) for
alkalinity, hardness, and turbidity were also made available by
the Olarleston Water Department and c onverted to weekly averages
for cal\)arison purposes.
The total precipitation for each week from August, 1979 to
August, 1982 is also included in this study.

These data were

made available by Dalias Price, National Weather Service
Observer for the Oiarleston, Illinois vicinity.
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RESULTS AND DISCUSSION

The data from a one-year analysis fo the new Charleston Pump
Storage Reservoir (CPSR) and available comparison data are presented
in Figures 5 through 17.
Figure 5 shows the monthly precipitation in the Charleston
area from Septenber, 1979 to August, 1982.

It is evident from these

data that precipitation during the month of October in 1979, 1980,
and 1981 was approximately the same.
amoun

D..tring all other months, the

t of precipitation varied for the 3 years studied.

1hese

variations will be discussed in greater detail in later segments of
this section.
The data in Figure 6 show the monthly levels of total colifonns
(TC) from August, 1979 to early August, 1981 and the weekly levels
of TC from late August, 1981 to August, 1982.

1he TC data from

1981-1982 indicate that the quality of the water in relation to
these organisms was somewhat poor, especially during the winter
roonths (December, 1981-March, 1982), and the late spring and
months.

sumne

r

There are several possible explanations for these high

levels of TC.

IA.lring late November and December, 1981 and early

J8JU1ary, 1982, the CPSR

was

filled to capacity by pl.DJ1'.>ing water

into it from the FJrbarras River.

It is possible that the river

water possessed higher levels of TC which then became part of the
reservoir flora.

Also, according to Silvey and Roach (1964), as

the phytoplankton begin to disintegrate and become less frequent
during the winter months, the levels of bacteria during that same
period may increase substantially due to increases organic natter
in the water.

1he data presented in Figure 6 support these results

14

Figure 5.

Total precipitation• in the Olarleston, IL area, 1979-1982.

�

1979-1980

�

n

1980-1981

�

1981-1982

Snowfall was converted to total precipitation by con
sidering ten inches of snowfall to be equivilent to
one inch of total precipitation.
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Figure

6.

Total colifonns in Charleston, IL raw water, 1979-1982.
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since the total phytoplankton (Figure 9) do decrease drarratically
during the winter months with a corresponding increase in TC.

Last,

it is possible that precipitation had an effect on the levels ttf TC
during both the winter of 1981-1982 and late sprinR and stDTITler
months of 1982.

Precipitation has been shown to increase the levels

o-f bacteria, and especially of coliforms (fecal and non-fecal) and
fecal streptococci (Geldreich. et al., 1968; Geldreich, 1972)
---

sometimes as nuch as ten-fold (Hendry and Toth, 1982) in lakes and
rivers.

The data in Figures 5 and 6 support these findings.

Also,

the precipitation during the month of Decenber, 1979, 1980, 1981,
and Janua ry and February, 1980, 1981, and 1982 indicate that when
precipitation was high, there
of TC.

This

was

also an increase in-the levels

was

also the case during the sl.llllle r months (with the

exception of April and July, 1982,
TC were high while the

amo\.Ul.t

at which time the levels of

of precipitation was relatively low).

Conf innation tests were perfonned on typical colifonn
colonies every fourth sample (week) to insure the credibility of
the menbrane filtration nethod.

The results of these tests

indicate that 78.4% of the typical colifonn colonies :were confirned
as

total colifonns.
Figure 7 indicates the levels of fecal colifonns (FC) and

fecal streptococ ci

(FS)

from late August, 1981 to August, 1982.

The changes in frequency of the FC and FS correlate with those of
the TC.

These data indicate that the reasons for the changes in

levels of the TC could also hold true for the FC and FS (e.g.,
pumping, phytoplankton decrease and precipitation).
The FC/FS ratios were also calculated for each S8Jl'l'le.

The

19

Figure 7.

Fecal colifol11\S and fecal streptococci of Oiarleston, IL
raw water, 1981-1982.
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ratio in JJK>st cases was less than one, indicating animal fecal
pollution.

However, on six occasions, once in October, 3 times

in February, once in March and once in April (Figure 7) the FC/FS
ratio was greater than one which indicates human fecal pollution.
The source of this human contamination is not known.
The data in Figure 7 also indicate that only once during
the entire year of san;>ling did the levels of FC rise above
500/100 ml (July, 1982).

This is significant, since the Illinois

Department of Public Health prohibits public swinmin� at a beach
where levels of FC have been found in excess of 500/100 ml for
two

consecutive samples.
Confinnation tests were also performed on typical fecal

colifonn and fecal streptococcus colonies every 4th S8J11>le (week).
The results of these tests indicate that 82.6\ of the typical
fecal colifonn colonies and 88.3% of the typical fecal strepto
coccus colonies were confirmed as positive.
Figure 8 shows the results of the standard heterotrophic
plate counts (SPC) from late August, 1981 to August, 1982.

The

levels of heterotrophic bacteria show the same trends as the TC,
FC, and FS levels (Figures 6 and 7 respectively) and it is
probable that the reasons for these trends are the sane as those
for TC, FC, and FS (e.g., pl.Dl'ping, decreased phytoplankton, and
precipitation)

•

'IWo possible reasons for the low mmbers of

heterotrophic bacteria at different times during the year could
be protozoan predation and/or reduction due to sedinentation
(Henrici, 19.48; Morgan and Gainor, 1960).

It has also been

shown that precipitation can have more of an effect on the

22

Figure 8.

Standard heterotrophic plate cotmts in Charleston, IL
raw water, 1981-1982.
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levels of total heterotrophs, since

nmoff

from any portion of the

shoreline can affect SPC, whereas colifonn organisms originate only
where there are sources of animal or hmnan fecal pollution
(1-t:>rgan and Gainor, 1960).

The data for SPC seem to support the

1\.Uloff hypothesis since the SPC usually shows a more dramatic

increase during t�s of heavier precipitation (Figures S and 8,
respectively).
The data for temperature and total phytoplankton are presented
in Figure 9.

The temperature of the raw water in the CPSR at the

raw water intake during the course of one year is typical of most
midwestern bodies of water.

The average sunmer temperature was

26 C, while that of the average winter

was

4 C.

The total

phytoplankton of the CPSR exhibited trends which are also normal
for midwestern waters.

As seen in Figure 9, the changes in both

temperature and total phytoplankton occurred at approximately the
same time.

A general trend of increased phytoplankton densities

at increased temperatures and vice versa was observed in the

Embarras River-Lake Olarleston area by Fried (1980).
are evident in this study as well.

These trends

There are times however, when

the data did not fit the general trend, e.g., mid-Febniary, April,
and early �1ay.

It is possible that these variations could have

been caused by day length and nutrient levels in the CPSR,
neither of which were measured in the present study, but both of
which have been shown to affect these levels (M:Corrbie, 1953;
Bltun, 1956).

The phytoplankton densities were typical except

for mid to late Decenber and early January.

furing this time a

relatively large increase in phytoplankton occurred.

It is

25

Figure 9.

Temperature (lower half), and total phytoplankton of
Olarleston, IL raw "Water, 1981-1982.
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possible that this increase was caused by the filling of the
reservoir by river water ptm1ping.
Figure

10 shows the percent ocrurrence and population trends of

the divisions of phytoplankton enumerated.durin� the course of this
study.
Diatoms usually show a fall pulse (Olandler,

1940; Silvey and

1964) and a spring pulse (Oiandler, 1940).

The data in the

Roach,

present study support these observations.

The diatoms showed

population increases during both the spring (late May to Mid June)
and fall (late October to mid November).

However, there was

another large increase in diatom periodicity (late February to
early April) which could be considered an early sprinR pulse
(Chandler,

1940) or could have been caused by a dramatic increase

in water temperature (Figure

9) which occurred at approximately

the same time.

The green algae, according to Smith (1950), show pulses in the
spring and early fall, but the pulses are not clearly defined.

The

data presented in this study do not illustrate a clear fall pulse,
but do show a large pulse (early April) which could be a spring
pulse, and slight incre ase s

(early June and July) which could be

considered late spring pulses due to the relatively mild
temperatures which ocrurred during June and July of

1982.

The

green algae showed their largest increase during Decerrber of
and January of

1982.

1981

Diatoms are usually the dominant phytoplankton

type during the winter months (Hartman and Graffius,
such was not the case in this study.

1960), but

There is a possible reason

for the pulse of green algae observed during the winter months.
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Figure 10.

Percent occurrence of phytoplankton flora of Charleston,
IL raw water, 1981-1982.

A

Bacillariophycophyta (diatans)

A

A

Chlorophycophyta (green algae)

•

•

Other algaeA

•

•

Other algae consisted of Euglenophycophyta(euglenoids),
98.6 \ and dinoflagellates, 1.4 \.
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The CPSR was fill�d to capacity mechanically by pumping water from
the Embarras Ri¥er during the same period when the diatoms were
largely replaced by green algae (Figure

(1970) ,

those of Symons et al.,

10).

lhese results support

which indicated that a mechanical

pumping of water into a reservoir and resulting mixing of the water
by

the process could decrease the

nonnal daninant type (diatoms)

and cause the green algae to becorre the dominant group.
conclusions of SynX>ns

�!!·• (1970)

AWWA Conmittee Report

(1971),

lhe

were later supported by an

which indicated that plankton could

be decreased overall by continous mixin� of the water to cause
artificial destratification.
The other algae, which consisted mostly of euglenoids, showed
one pulse during the fall of

1981

(Figure

10).

Fried

(1980),

in

his study of the Fmbarras River near Lake 01.arleston observed a
similar pulse.

Morris et al.,
--

(1977

as cited in Fried,

1980)

also

observed a pulse of the Euglenophycophyta during the middle of
October in Lake Olarleston.

Figures

11

and

12

show the data for alkalinity and hardness

collected for this study and canparison data for the two preceding
years respectively. It should be noted that during March of

1981,

the dike separating the Eni>arras River fTOm the Lake 01.arleston
irnpoW'ldment was completed and water from the river no longer flowed
into the reservoir until PUJ11>ing began in late Novenber of
From March to Noverrber,

1981,

1981.

both alkalinity and hardness remained

at stable low levels with slight variations.

However, when pwnping

began, both showed sharp increases, as high as before the dike
completed.

was

This indicated that the ptmping of river water into
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Figure 11.

Alkalinity of Charleston, IL raw water, 1979-1982.

1979-1980

•

•

1980-1981

•

•

1981-1982

•

•
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Figure

12.

Hardness of Olarleston, IL raw water,

1979-1980

A

&

1980-1981

•

•

1981-1982

•

•

1979-1982.
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the reservoir reduced the quality of the water.

Love (1961) found

that inqloundment (and decreased flow) of water reduced sharp
variations and helped reduce the levels of alkalinity and hardness.
After plDllping into the ilrpoundment was discontinued, the levels
for both began to drop considerably lower than those observed
before the dike was built, but somewhat higher than those observed
i.nmediately after the dike

was

completed.

It should be noted that

the hardness of the water before completion of the dike was, in
many cases higher than the annual mean figure of 300

mg 1-1 for

midwestern lakes (Council on F.nvironmental �ity, 8th
Report, 1977).

Annual

However, except for the period when river water

was

being plUTlped into the reservoir, the water after completion of the
dike was well below the

l mean level.

a.ruu.ia

The nitrate levels in the CPSR

1982 are presented in Figure 13.

fran August, 1979 to August,

These data clearly show the

effect of separating the reservoir from the river.

The levels of

nitrates were very high during the spring of 1980, before the
dike was completed.

After completion of the dike in March, 1981,

the levels decreased considerably and remained at low levels

until November, 1981, when river water ptmrping began.

The pturrping

is the probable cause for sharp increases in nitrates durin�
December, 1981 and January, 1982.
raw

The source of nitrates in the

water is probably due to agricultural n.moff from outlying

fann land.

The FJnbarras River flows, from its headwaters to the

Olarleston area, predominantly through fann land.

Since nitrogen

fertilizers are ccmrnonly used by area fanrters, it is possible
that, after precipitation , the nitrates in this n.moff could be

36

Figure 13.

Nitrate(r.() -) levels in Charleston,
3
1982.

IL raw water, 1979-

1979-1980

A

A

1980-1981

•

•

1981-1982

•

•
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This theory is supported by the data in Figure 13; after the

high.

dike was canpleted and river n.moff was reduced, �he nitrate levels
remained low, even during the sprin� (when fertilization is most
comnon) except during p�ing and times of heavy precipitation (May,
1981, 1982) (Figure 5).

The possibility that these decreases in

nitrates could be due to absorption by heterotrophic bacteria or
algae is negated by the fact that these organisms did not occur in
sufficient m.unbers to account for the decreased levels.
1he data for conductance (total dissolved solids: ionized
species) from September, 1981 to August, 1982 are presented in
Figure 14.

1hese data indicate that the conductivity of the water

remained fairly constant except during times of river water
p�ing.and heavy precipitat�on (Figure 5).
'I\Jrbidity levels in Lake Cllarleston for the period of this
study and canparison data for the two preceding years are presented
in Figure 15.
lower.

Since dike completion, the turbidity levels were

1he probable cause for the increases after corrpletion of

the dike in May, June and August, 1981, 1982 and Septeni>er, 1981
was very high SJOOtmts of precipitation (Figure 5) during these

periods.

However, during periods of nonnal precipitation, after

completion of the dike, the turbidity levels were nuch lower.
1his is clearly evident during the months of March and April,
1982, when the turbidity was as 111.lCh as one-tenth that durin�
the corresponding months �f 1980, even though the amount of
precipitation in 1982 was almost the same as or higher than
during the same period in 1980.

Love (1961) concluded that the

impoundment of water can improve the quality of raw water because

� ·

· -

.
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Figure 14.

Conductance of Olarleston, IL raw water,

1981-1982.
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Figure

15.

Turbidity of Charleston, IL raw water,

1979-1980

•

•

1980-1981

•

•

1981-1982

•

•

1979-1982.
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it lowers turbidity levels.

Th e results of this study clearly

support Love's conclusions.
The data for suspended solids (non-filterable residue) from
Septerrber, 1981 to August, 1982 can be found in Figure 16.

These

data show the same trends as those fot.md for turbidity (Figure 15),
but

appear to be more sensitive to precipitation.

This is evident

in January, March, April, and June, 1982 since the increases in
suspended solids are more clearly defined when precipitation
(Figure 5) is high than are the increases in turbidity (Figure 15)
during the same periods.
'nle volume of raw water processed for distribution each week
was monitored for the period of this study and for the two years
previous to determine if it had any effect on water quality.

As

seen in Figure 17, the amot.mt processed each year did not vary
significantly enough to have an effect on the overall raw water
quality.
In general, the results of this study indicate an overall
improvement in raw water quality.

The nitrate and turbidity levels

in the raw water were greatly reduced after dike completion.

Alkalinity and hardness data indicate that the present levels were
below those observed before the dike was constnicted.

In addition,

no abnonnal increases in phytoplankton or algal blooms were observed.

44

Figure 16.

Suspended solids (non-filterable residue) dried at 103105 C of Oulrleston, IL raw water, 1981-1982.
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Figure

17.

Raw water processed each week at Olarleston,
Trea�nt Plant, 1979-1982.
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OONCLUSIONS

The canpleted Charleston Pump Storage Reservoir (CPSR) has
already had a positive impact on the city of Olarleston.

Although

the final cost of the project was 3.7 million dollars, the author
feels this cost was justified for several reasons.
One of the most important aspects of the CPSR is that the
This fact alone can

quality of the raw water is greatly improved.

be considered important enough to justify the cost of the system.
'Ille nitrate levels in the raw water since the reservoir has been
filled to capacity have dropped to very low levels.

Since nitrate

l
levels above 10 mg 1- are hazardous, especially to children, these
are very encouraging results.

In addition, the reduced turbidity in

the new system has caused a considerable drop in treatment costs.
With rore stable, low-turbidity raw water, the Water Department has
been able to utilize a floccing polymer for that stage of the
treatment process which allowed them to purchase less lime and
thereby reduce treatment costs.
city approximately $10,000

combination

with

higher

This aspect alone has saved the

annually.

Tile fleecing polymer, in

quality raw water, has also resulted in 15%

less sludge, which will reduce sludge removal costs.

Also, lower

turbidity means that the sand filter beds do not have to be
backwashed as often, which results in a cost savings, since less
backwash water J1'1lSt be retreated.
Sedimentation has also been decreased.

The aJOOtmt of sediment

entering the CPSR is estimated to have no significant effect on the
storage capacity until at least the year 2020.

The sediment which
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now enters the reservoir originates only from the shoreline and
:inlnediate vicinity, in contrast to the large runoff area of the
Embarras River before it reaches Charleston.
Before the CPSR was proposed, many industries did not seriously
consider Olarleston as a possible site for relocation or expansion.
This was due in part to the fact that the old raw water supply was
inadequate.

The amount of raw water on several occasions became low

enough to force the city to "ration" the water to prevent complete
depletion of the supply.

Industries cannot be faced with this type

of problem since it cruld hamper production, construction, and,
ultimately, profits.

The CPSR has virtually eliminated this problem

since it is estimated that the new system can support the city for
7 months without heavy precipitation or pumping.

With this in mind,

industries may now consider Olarleston as a more suitable site for
relocation and/or expansion.
Tile expansion of recreational activities at Lake Olarleston due
to the CPSR is now a distinct possibility.

The levels of fecal

colifonns were only above the Public Health Standards once during
the course of this study.

Althoogh

this is only one of the many

criteria for public bathing at a lake, the results may encourage
the establishment of a public beach at Lake Cllarleston.
Tile possibility of power boating and water skiing has been a
controversial issue in Olarleston.

Many residents would like to see

power boating allowed on the lake.

It is the opinion of the author

that power boating would have more detrimental effects than would be
justified by recreational benefits.

Power boats would increase
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shoreline erosion, which would increase turb idity and , possibly,
treatment costs.

In addition, the oil and gas released from boat

motors are difficult to rerove and may caus e treatment problems and
increased costs.
The qual ity of fishing may also improve greatly due to the

CPSR.

Since the average depth of the water has been increased significantly,
a wider variety of fish could be stocked and would stand a better
chance of flourishing.

Although it has not been evident thus far, the possibility of
increased eutrophication o f the reservo i r does exist.

Since very

little water flows into the reservoir on a regular basis, algal
blooms, specifically blue-green algal b loans, are now a possibility.
Although no significant numbers o f blue-green algae were observed in
any sample during this study, in time they may become more frequent.
Also, increased shoreline vegetation may occur in time.

These

problems can be controlled, but could cause treatment costs t o
increase sanewhat.

In addition, increased shorel ine vegetation and

algal blooms would eventually increase the organic matter in the
water supply and sediments .

If this were to ocrur, it is possible

that there would be an increase in the production of trihalomethanes
in finished water, due to the coni>ination of chlorine with these
organic molecules.

However, these eutrophication problems are only

speculative at this po int .

The results o f this study did not

indicate a large increase in algal populations that might lead to
increased organic material and the problems that would go with it.
In the final analysis, the author feels that the changes in raw
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water qual ity obse rved in this s t udy jus t ify the cost of the CPSR.
Howe ver, further study is ne cessary to dete rmine whether the
long -te rm effects w ill be as e ncourag ing
re ported here .

as

the short -term effects
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